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This invention relates to a mouse-human chimaeric 
5 immunoglobulin heavy chain and a chimaeric DNA sequence 

encoding it. Mere specifically, it relates to a mouse-human 
chimaeric immunoglobulin heavy chain comprising a combina- 
tion of the variable region of a mouse immunoglobulin heavy 
chain and the constant region of a human immunoglobulin 

10 heavy chain, and to a chimaeric DNA sequence encoding it. 

Recent studies on immunoglobulin genes have pro- 
vided much information on the heavy chains ("H-chain" for 
short) of immunoglobulin genes of mammals, particularly 
humans. It is well known that generally the H-cham is 

15 composed of a variable region which has a site of binding to 
an antigen and a constant region which has physiological 
activities sucn as complement fixation or interaction with 
particular cehs (see "Gencai Kagaku" (Modern Chemistry), 
November 1981, pages 62-63, published by Baifukan, Tokyo). 

2 C On the other hand, the DNA sequences of mouse 

immunoglobulin cenes and their functions have been con- 
siderably elucidated. It is now known that a V-segment 
gene, a D-segnent gene ana a J-segment gene are aligned in 
this sequence in the variable region of mouse immunoglobulin 
genes and a DNA sequence r.r/ma a promoter function exists 
upstream of the V-;ir^-e;:: :ene ■. r > ' - t ^ :m i nur ) . Furthermore, 
the existence c: an enhancer, ;.t . a DNA sequence having the 
function of greatly : n c : e i n a * : ^ nscr i pt l onal efficiency, 
between the J -segment gene ana f .;ic constant region is pre- 
sumed. It is said tnat tare enhancer exists downstream of 
the J gene; when it is or the undifferentiated type, it 
cannot enhance t i anno : i pi ; . n ciiiciency because the promoter 
is remote; but it beccmec : ur.c t i onabl e upon : eccmo i na 1 1 on in 
V-J and V-D-J 301n1n.Tr a;: * tr.e function of enhancing 

the efficiency c : t : a c n : : c - the p : c ~ c t e r existing 

upstream 01 tne V . 
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Recently, Walter Schaffner et al. reported the DNA 
sequence of an enhancer in mouse immunoglobulin H-chain 
genes (Cell, Vol. 33, 729-740, July 1983). 

Susumu Tonegawa et al. likewise determined the 
existence of an enhancer in mouse immunoglobulin H-chain 
genes and its DNA sequence (see Cell, vol. 33, 717-728, July 
1983) . 

David Baltimore et al. reported the existence of 
an enhancer in the light chains ("L-chain" for short) of 
mouse immunoglobulin genes and its DNA sequence (see Cell, 
vol. 33, 741-748, July 1983). 

The prior efforts have thus resulted in determin- 
ing the existence of various gene segments md DNA segments 
having various functions, such as a promoter and an en- 
hancer, in the variable and constant regions of mouse im- 
munoglobulin H-chain and L-chain genes, and the DNA se- 
quences of some of them. 

On the other hand, there have been gradual elu- 
cidations of the structures and functions of constituent 
cenes of human immunoglobulin H-chain. But the existence of 
c-.r onh^ncor was only presumed, and there was no knowledge of 
the entire DNA sequence of a human enhancer and DNA segments 
capable of expressing its function. 

Very reently, however, T. H. Rabbitts et al. and 
5". "cnegawa et al . independently reported the DNA sequence 
c: an enhancer in the H-chain of a human immunoglobulin gene 
'r<^ Nature, vol. 3 06 , 806-809 , 22/2a, Decomhpr 1 Q R 3 *nd 
Nature vol. 307 , 3 34 -3 40 , 26 January 19S4). 

Research on i mmunogl obul 1 1 z has thus reached such 
an advanced staae, and recently allowed utilization or 
monoclonal antibodies which arc expected to find applica- 
tions in immunological diagnosis and therapy, to: example in 
t;.e diagnosis, control and prevention of diseases. The use 
c: r.uman immunoglobulins is most suitable in such innuno- 
:o:;cal diagnosis and therapy utilizing such monoclonal 
antibodies, but hur.an hybridoma techniques have not reached 
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such a stage that human monoclonal antibodies having any 
required specificities can be easily obtained as in the c^st 
of mouse hybridomas. This imposes great restrictions on 
immunological diagnosis and therapy of human subjects. A 
5 method which might overcome this difficulty is to create 
artificially an antibody which is very similar to a human 
antibody and is not recognized as a foreign substance within 
a human body, and utilize this antibody for immunological 
diagnosis and therapy. As such an immunoglobulin, a 

10 chimaeric immunoglobulin composed of the variable regions of 
a certain mouse immunoglobulin and the constant regions of a 
human immunoglobulin was proposed very recently (European 
Patent Application EP 0 125 023 Al). 

The present inventors have also worked extensively 

15 in this field in order to create a novel chimaeric immuno- 
globulin which can be applied to the immunological diagnosis 
and therapy of humans, and have now found a mouse-human 
chimaeric immunoglobulin heavy chain which specifically 
react with human common acute lymphocytic leukemia antigen 

20 (to be referred to as human "cALL" antigen) in combination 
with a proper immunoglobulin light chain. 

According to this invention, there is provided a 
mouse-human chimaeric immunoglobulin heavy chain comprising 
(a) the amino acid sequence of a mouse immunoglobulin heavy 

25 chain variable region and (b) the amino acid sequence of a 
human immunoglobulin heavy chain constant region and react- 
ing specifically with human common acute lymphocytic 
AeuKemia antigen ... combination with a proper immunoglobulin 
light chain. 

3C Human o.\bh antigen is an antigen commonly observed 

in the bloods or patients with various types of acute lym- 
phocytic leukemia. A monoclonal antibody which specifically 
reacts with human CALL antigen but is not recognized as a 
foreign substance by humans would greatly contribute the 
35 immunological diagnosis and therapy of patients with acute 
1 vmphocv tic leu kern : a . 
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The immunoglobulin heavy chain of this invention 
has been developed to meet such a desire. It is charac- 
terized by having a chimnaeric structure composed of 

(a) the amino acid sequence of a mouse immuno- 
5 globulin heavy chain variable region, and 

(b) the amino acid sequence of a human immuno- 
globulin heavy chain constat region, and also immuno- 
logically by reacting specifically with human cALL antigen. 

The variable region of the mouse immunoglobulin 
10 heavy chain, as mentioned hereinabove, consists roughly of a 
V-segment, a D-segment and a J-segment, and it is the V- 
segment which is most involved in the recognition of anti- 
gens. The D-segroent and J-segment exist in various types 
depending upon their amino acid sequences, and for example, 
15 the existence of J 2 » J3 and J 4 in the J-segraent is 

known. The D- and/or J-segment of the mouse B-chain variable 
regie- in the present invention is not limited to any par- 
ticular amino acid sequence but may vary so long as an 
antibody finaly constructed from the H-cham of this m- 
20 vention has the property of specifically reacting with human 
CALL antigen. Preferably, however, an H-chain variable 
region derived from a mouse immunoglobulin H-chain reacting 
specifically with hum-.n cALL antigen is suitable as the 
mouse immunoglobulin H-chain variable region used in this 
25 invention. Specific examples of this variable region in- 
clude a variable region whose V-segment has the following 
amino acid sequence 

Asp Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val 
Gin Pro Gly Gly Ser Arg Lys Leu Ser Cys Ala Ala 
30 Ser Gly Phe Thr ?he Ser Ser Phe Gly Met His Trp 

Val Arg Gin Ala Pro Glu Lys Gly Leu Glu Trp Val 
Ala Tyr lie Ser Gly Gly Ser Tyr Thr lie Tyr Tyr 
Ala Asp Thr Val Lys Gly Arg Phe Thr lie Ser ktq 
Asp Asn Pro Lys Asn Thr Leu Phe Leu Gin Met Thr 
35 ser Leu Arg Ser Glu Asp Thr Ala Met Tyr Tyr Cys 

Ale Ser Ser Tv: Gly Asn Phe Trp Tyr Phe Asp Val 
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Trp Gly Ala Gly Thr Thr Val Thr Val Ser Set 
and more specifically a variable region having the following 
total amino acid sequence 

Asp Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val 

Gin Pro Gly Gly Ser Arg Lys Leu Ser Cys Ala Ala 

Ser Gly Phe Thr Phe Ser Ser Phe Gly Met His Trp 

Val Arg Gin Ala Pro Glu Lys Gly Leu Glu Trp V~l 

Ala Tyr He Ser Gly Gly Ser Tyr Thr He Tyr Tyr 

Ala Asp Thr Val Lys Gly Arg Phe Thr He Ser Arg 

Asp Asn Pro Lys Asn Thr Leu Phe Leu Gin Met Thr 

Ser Leu Arg Ser Glu Asp Thr Ala Met Tyr Tyr Cys 

Ala Ser Ser Tyr Gly Asn Phe Trp ^r Phe Asp Val 

Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ser Ser 

Tyr Gly Asn Phe Trp Tyr Phe Asp Val Trp Gly Ala 

Gly Thr Thr Val Thr Val Ser Z~t. 

In the present applications, the following ab- 
breviations are used for various amino acids. 

Gly: glycine 

Ala: alanine 

Val: valine 

Leu: leucine 

He: isoleucine 

Ser: serine 

Asp: aspartic acid 

Lys: lysine 

Arg: arginme 

His : hist ldine 

Phe : phenyl al ar. : ne 

Tyr: tyrosine 

Thr : threon: ne 

Cys: cysteine 

Met : methionine 

Glu: glutamic acid 

Tr p : t i ypicphan 

Pro: proline 
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On the other hand, polypeptides constituting the 
constant region of the chimaeric immunoglobulin H-cham of 
this invention may be those derived from the H-chain of any 
of of IgA, IgD, IgE, IgG and IgH which are known as human 
immunoglobulins (Ig). Generally, those derived from IgG, 
above all IgG^, are suitable. More specifically, a poly- 
peptide having the following amino acid sequence is pre- 
ferred. 
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One typical mouse-human chiraaeric immunoglobulin 
H-chain provided by this invention has the amino acid se- 
quence shown in Fig. 1 of the accompanying drawings. 

The chiraaeric immunoglobulin H-chain of this 
5 invention can be produced by joining a DNA fragment encoding 
the amino acid sequence of the mouse immunoglobulin variable 
region to a DNA fragment encoding the amino acid sequence of 
the human immunoglobulin constant region to construct a 
chimaeric DNA fragment capable of expression, inserting the 
10 chimaeric fragment into a plasmid vector, and introducing 
the recombinant plasmid vector into host animal cells to 
cause the chimaeric DNA fragment to express in the host 
cells. 

The DNA fragment encoding the amino acid sequence 

15 of the mouse immunoglobulin variable region can be obtained, 
for example, by preparing hybridomas by cell fusion between 
spleen cells taken from a mouse immunized with membrane 
pieces of human cALL and mouse myeloma cells, and screening 
the chromosomal DNA of the hybridomas (see, for example, T. 

20 Maniatis et al., Molecular Cloning, Cold Spring Harbor Lab., 
1982). Specific procedures therefor are described in detail 
in Examples 9 to 11 given hereinbelow. 

On the other hand, the DNA fragment encoding the 
amino acid sequence of the human immunoglobulin constant 

25 region can be obt ined by screening the chromosomal DNA of 
cells producing human immunoglobulins by a conventional 
method. Specific procedures therefor are described in 
detail in Examples 1 to 3 given hereinbelow. 

Joining of the two DNA fragments described above 

30 through a DNA fragment (to be referred to as the "Eh- 
segment") at least containing a human enhancer gives a 
chimaeric DNA sequence encoding the mouse-human chimaeric 
immunoglobulin H-chain. The Eh-segment should at least 
contain a human enhancer. It may additionally contain a 

35 mouse enhancer o: other mtrons derived from a human or 
mouse . 
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The chimaeric DNA fragment is inserted into a 
suitable plasmid vector such as pSV2gpt, pSV2neo and pKSV-10 
to prepare a recombinant plasmid vector. 

The recombinant plasmid vector so constructed is 
5 introduced into E . coli for example. Thereafter, the re- 
combinant plasmid vector is introduced into host animal 
cells such as mouse myeloma J558L or NS-1 by the protoplast 
fusion method (see "Men-eki Jikken Sosa Ho" (Operational 
Methods in Immunological Experiments) XIII, p. 4533, edited 

10 by the Japanese Society of Immunology, 1984). By culturing 
the resulting cells, the desired mouse-human chimaeric 
immunoglobulin H-chain can be accumulated in, and recovered 
from, the culture. 

The chimaeric H-chain provided by this invention 

15 may be combined with a mouse-human chimaeric immunoglobulin 
light chain prepared, for example, by the same technique as 
described above to form a complete mouse-human chimaeric 
iraraunogloDul in . Such an immunoglobulin is expected to be 
used in the immunological treatment of CALL by administering 

20 it to human CALL patients either alone or in combination 
with an anticancer agent. 

The following Examples more specifically illust- 
rate the construction and expression of a chimaeric DNA 
sequence encoding the chimaeric H-cham of this invention. 

25 Example 1 

Isolation of a human chromosomal DNA:- 
Human cultivated cells ARH77 (3 x 10 8 cells) were 
crushed by a glass rod and treateo with Protease K (a pro- 
duct of Sigma Co.) m the presence of 2% sodium dodecyl- 

30 sulfate (SDS) . Then, phenol saturated with lOmM Tris HC1 
(pH 8.0)-lmM EDTA aqueous solution was added. The mixture 
was centrifuged to separate it into an aqueous layer and a 
phenol layer. The aqueous layer was dialyzed against 20mM 
Tris HC1 (pH 7.5)-100mM NaCl-5mM EDTA aqueous solution. The 

35 dialyzate was treated with Ribonuclease A (a product of 
Sigma Co.) and after phenol extraction, dialyzed aaainst 
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lOmM Tris HC1 (pH 8.0)-lmM EDTA aqueous solution to obtain 
about 1.2 mg of a human chromosomal DNA [see N. Blin and D. 
W. Stafford, Nucleic Acids Res., 3, 2303 (1976)]. 
Example 2 

5 Preparation of a human gene library:- 

The human chromosomal DNA (150 micrograms) ob- 
tained in Example 1 was partially digested with restriction 
endonuclease EcoRI (produced by Takara Shuzo Co., Ltd.) in 
acccordance with the method shown in Example 4, and then 

10 subjected to sucrose density gradient centr if ugation 

(sucrose 10-40% (vt/vol), 28,000 rpm x 15 hours, 20°C] to 
obtain 4.3 micrograms of a DNA fragment having a size of 15 
Kb to 23 Kb. The DNA fragment (0.8 microgram) was ligated 
by using T4-DNA ligase (a product of Bethesda Research 

15 Laboratory) with Charon 4A vector [see F. R. Blattner, B. G. 
Williams, A. E. Blechl, K. D. Thompson, H. E. Faber, L. A. 
Furlong, D. J. Grunward, D. O. Kiefrr, D. 0. Moore, J. W. 
Schumrr,, F. L. Sheldon and Smithies, Science, 196 , 161 
(1977)] to obtain a hybrid DNA in which the human DNA was 

20 inserted between the right arm and left arm of Charon 4A 
vector. The ligating reaction was carried out at 11°C for 
12 hours in 66nM Tris-HCl (pH 7.6)-6.6mM MgCl 2 -10mM di- 
thiothrei tol-1 ~M ATP aqueous solution. The resulting 
hybrid DNA was packaged in vitro [A. Becker and H. Gold, 

25 Proc. Natl. Acac. Sci. U. S., 72, 581 (1975)] to form a 

human gene library (1.8 x IC° PFU/ug-DNA, containing more 

than 99% of h;;r.:.n ch : cr.osoma 1 DNA). 

Exanole 3 
, — 

Sci*:- c: :.j~a:. imnunoal obul : n H-chain gene:- 

30 1 i \/t 3 92 strain (ATCC 33572 ) was infected 

with the gene iiLi i;y tan assembly of Charon 4A phages 

containing human ch ; ores 0-3 i DNA) obtained in Example 2 to 

form a plaque. Q\o:\is ;o:K::n:aq human ire jnogl obul in gene 

were selected :: u;;;: with the plaque hybridization 

35 r.ethod of Pan: . ". and l\-v:l ;l-o^ W. D. Benton and R. W. 

3 0 

Davis, Science, 180 \ 1 } * ~: ' ) using a fc F- label 1 ec: hur.ar. 
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immunoglobulin H-chain J gene. DNA was prepared froiL the 
Charon 4A phages containing human immunoglobulin gene by the 
method of Thomas and Davis (M. Thomas and R. W. Davis, J. 
Mol. Biol. , 91, 315 (1974) ] . 
Example 4 

Preparation of a restriction endonuclease 
cleavage map of human immunoglobulin gene:- 
One microgram of the Charon 4A DNA containing a 
human immunoglobulin gene obtained in Example 3 was dis- 
solved in 20 microliters of a buffer for digestion with 
restriction endonucleases [50mH Tris-HCl (pH 7.4)-100mM 
NaCl-lOmM MgS0 4 aqueous solution for Eco RI f Eco RV, Mlul or 
SphI; lOmM Tris-HCl (pH 7.5)-60raM NaCl-7raH MgCl 2 aqueous 
solution for Aatll, Aval, BaraHI, BstEII, Hin di, Hindlll, 
Pst I or Pvull; lOmM Tris-HCl (pH 7.4)-10mH KgS0 4 -lraK di- 
thiothreitol aqueous solution for Bgi ll; and lOmM Tris-HCl 
(pH 8.0)-20nuK KCl-7mM MgCl 2 -7raM 2-mer captoethanol solution 
for Hpa l ] , and digested with two units of a restriction 
endonuclease ( Aat 1 1 was a product of Toyobo Ltd.; Ava l was a 
product, of Bethesda Research Laboratories, Inc.; BstEII and 
Sohl wore products of New England Biolabs. Inc.; and the 
other endonucleases were products of Takara Shuzo Co., Ltd.) 
at 37°C for more than 1 hour. Cleavage with Bst EII was 
carried out at 60°C for more than 1 hour. When the diges- 
tion was carried out by using two restriction endonucleases, 
there was used a procedure comprising first treating the DNA 
with one restriction endcnuclease acting at a low salt 
concentration, then increasing the salt concentration :c a 
predetermined concentration, and tr.atmg DNA with trie other 
restriction endonuclease acting at a higher salt concentra- 
tion. 

After the digestion, 4 microliters of an aqueous 
solution containing 0.25% of bromophenol blue and 50* of 
glycerol, and the mixture was subjected to G.8%-2.5* agarose 
eel electrophoresis. The agarose used was type II r.ade by 
£: -::r,a Co. desicned for electrophoresis. A 40mM 7::s-CH,C0CH 
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(pH 8.0)-lmM EDTA aqueous solution was used as an electro- 
phoresis running buffer. With a vertical gel having a 
thickness of 2 mm, the electrophoresis was carried out at 
a voltage of 6 to 9 V/cm for 1*5 to 3 hours. A product 
5 of digestion of A phage DNA with Hindlll (made by Boeling 
Manheim) was used as a molecular size marker for DNA frag- 
ments. After the electrophoresis, the DNA in the agarose 
gel was dyed with a 2 micrograms/ml aqueous solution of 
ethidium bromide, and by irradiating long wavelength ultra- 

10 violet light onto the gel, the digestion pattern was ob- 
served. By analyzing the patterns of digestion with the 
various restriction endonucleases either alone or in a 
combination of two, the relative positions of the restric- 
tion endonuclease cleavage sites were determined. 

15 Example 5 

Recloning of a human immunoglobulin gene (a hybrid 
DNA of a 8.2 Kb Hindlll fragment containing a 
human gene and coli plasmid pBR322):- 

Three micrograms of Charon 4A DNA containing a 
20 human immunoglobulin gene was digested with Hindlll sub- 
stantially in accordance with the method of Example 4, and 
subjected to agarose gel electrophoresis (gel concentration 
0.8%). A band corresponding to DNA having a size of 8.2 kb 
and containing a gene was cut out and the agarose gel 

25 slice was dissolved in three times (vol/wt) its amount of an 
8M aqueous NaCIO, solution. A DNA fragment having a size 
of 8.2 kb was recovered fton the agarose gel by the glass 
filter method of Chen and Thomas [C. W. Chen and C. A. 
TnoraasJr., Anal. Biochem. 10_1 , 339 (1980)]. 
30 Separately, 1 microgram of col l plasmid pBR322 

was digested with Hin di 1 1 m accordance with Example 4, and 
reacted with 0.5 unit of alkaline phosphatase (E^ col i C75) 
(a product of Takara Shuzo Co., Ltd.) at 45°C for 1 hour. 
After the reaction, the reaction mixture was extracted with 
35 water saturated phenol three times in order to deactivate 
and remove the alkaline phosphatase in the reaction mix- 
ture. 
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The alkaline phosphatase treated product of the 
above digested pBR322 was mixed with an aqueous solution of 
the 8.2 kb Hin dlll fragment recovered from the agarose gel. 
The mixture was precipitated with ethanol, and the pre- 
5 cipitate was dissolved in 50 microliters of a buffer for 
ligation (see Example 2). Two units of T4-DNA ligase was 
added, and the reaction was carried out at 11°C for 12 hours 
to give a hybrid DNA. 

e _l col* c600 strain (ATCC 33525) was transformed 

10 with the hybrid DNA by an improved version of the usual 
CaCl 2 method [M. V. Norgard, K. Keen and J. J. Monahara, 
Gene. 3, 297 (1978)]. Specifically, E. coli C600 strain 
cultivated for 18 hours was inoculated in 5 ml of L-broth 
(1% tryptone, 0.5% yeast extract, 0.5% NaCl , pH 7.2) and 

15 grown tc an extent corresponding to an optical density at 
600 nm of 0.3. The cells were washed twice in a cold 
magnesium buffer [0.1M NaCl-SmM MgClj-SmM Tns-HCl (pH 7.6, 
0°C)], re-suspended in 2 ml of a cold calcium buffer [lOOnuM 
CaCl 2 -250mM KCl-5mM MgCl 2 -5 mM Tns-HCl (pH 7.6, 0°C)], and 

20 left to stand at 0°C for 25 minutes. The cells were then 
concentrated to one-tenth of their volume in a calcium 
buffer, and mixed with an aqueous solution of the hybrid DNA 
in a ratio of 2:1 (vol:vol). The mixture was maintained at 
0°C for 60 minutes, and after adding 1 ml of LBG-broth (1% 

25 tryptone, 0.51 yeast extract, 1% NaCl, 0.08% glucose, pH 

7.2), cultivated at 37°C for 1 hour. The culture fluid was 
inoculated in a selective medium (an L-broth plate contain- 
ing 30 mi crograms/ml of ampicillin) at a rate of 100 micro- 
liter s/pl ate . The plate was cultivatea overnight at 37°C 

30 to grow the t ransf ormant s . A DNA was prepared from the re- 
sulting colony by a known method, and by agarose gel electro- 
phoresis, the existence of the desired hybrid PNA was deter- 
mined . 

Restriction endonucl ease cleavage map of 
3 5 subcl ones 

In Examples 4 and 5, subclones havir: tne 
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restriction endonuclease cleavage maps shown in Figs. 2 
and 3 of the accompanying drawings were obtained. 

Fig, 2 shows fragments obtained by cleaving a 
human chromosomal DNA containing an immunoglobulin gene with 
5 restriction endonuclease Eco RI . The 5'-terminal position is 
indicated as Eco RI-(l) , and the 3'-terminal position, as 
Eco RI- ( 2) . Fig. 2 also shows sites at which the DNA frag- 
ment can be cleaved with restriction endonuclease Xba l and 
Xhol. This fragment was cleaved with some restriction 
10 eondonucleases and divided into several small fragments. 

Some fragments were inserted into the E. col ; plasmid vector 
pBR322 to obtain four subclones shown in Fig. 3. 

Subclone pTJIB: 

Obtained by inserting a small DNA fragment (about 

15 8.2 kb) interposed between Hin dIII-(2) and HindIII-(3) into 
the Hin dlll site of pBR322. The restriction endonuclease 
cleavage site map of this subclone is shown in Fig. 3, II-A. 
The presence of 3 to 4 Pst I sites were recognized between 
PstI-(3) and HindIII-(3) in Fig. 3, II-A. 

20 Subclone pTJIBR: 

Obtained by insertion into p5R3?2 in the same way 
as in the preparation of pTJIB above, but the orientation 
is reverse to that in pTJIB. The restriction endonuclease 
cleavage map of this subclone is shown in Fic. 3, II-B. 

25 Subclone pTJ 5 : 

Obtained by inserting a sma] I DNA fragment ex- 
isting between Pst I - ( 2 ) and Pst I - ( 3 ) ct the above subclone 
pTJIB into the Pst I site of p3R322 . Tr.e restriction endo- 
nuclease cleavage r.a;: c: this subclone is shown m Fic. 3, 

30 II-A-(l). 

Subclone pTJ 4 : 

Obtained ty deleting from the above subclone pTJlD 
a portion ranging tier a Pst 1 site closest to Hin d I 1 1 — t 3 .» 
existing between Hind 1 1 1 — ( 3 ) and Pst I — ( 3 ) to Pst l-\2). 
35 The restriction cr.a^r.\) j! ease cleavage c: t h i s 
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Subclone pTJ3: 

Obtained by inserting a small DNA fragment (about 
3.4 kb) interposed beween EcoRI-(l) and Hindlll-(l) into a 
site between EcoRI and Hindlll. A detailed restriction 
5 endonuclease cleavage map of this subclone is shown in 
Fig, 3, I. 
Example 6 

Determination of the DNA sequence of the human 
immunoglobulin gene enhancer region:- 
10 The DNA sequences of the enhancer region and the 

V-D region of the H-chain of a human immunoglobulin gene 
were determined by the Maxam-Gilber t method (A. Maxam and 
W. Gilbert, Methods Enzymol . , 65 r 499 (1980)]. 

About 50 micrograms cf the subclone pTJ3 DNA 
15 prepared in Example 5 was digested with BstSU in accordance 
with the method of Example 4. The reciting DNA fragment 
was dephosphoryiated with alkaline ph_ f :..itase , and labelled 
with [>- P] ATP using 5 units of polynucleotiaekmase 
(nroduced by P-L Biochenucais Co.). Tne pojynucieo- 

20 t.dekinase reaction was carried out ir. a SOnM 7::r-HCi {pH 

3.:>-iouiM MgCi 2 -5mM di thiothr e i col aqueous sol'ji.on, and 

[t- 32 P] AT? (made by Amersham Co.) was used in an amount 

3 2 

corresponding to 100 micro Ci. The P-labelled DNA 

fragment was digested with a I . The co::'i : PV-. rrocrrent 

21 was separated by poly aery 1 ami de gel el ect : - r . 1^ U^- 
concentration 5%) and extracted from the cel. 7-e rem: t mc 
"'^-labelled BstEII/H£aI ::-.-::.:*.t w:; 

hydrolysis reaction specific for each o: t.v 
subjected to electrophoresis on polyacrylar. 
30 taming 7M urea (gel concentration 8% to 2 3V;. 7::e cepa- 
rated fragment was autoradiographed at -8C V 'C : e: 2 tc / 
cays, and the cleavage pattern was analysed to obtain acta 
t-?r tne determination of the PNA sequence o: t:.c enhancer 
region. 

3 5 Thus, the DNA sequences :nc:^;:^ t.\. en.nar.c^r D! 

sequence of this invention .-.-.own :n F:c. - t e : - ; nt. a 



c - I CO, 
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Example 7 

Determination of the DNA base sequence of 
a human immunoglobulin gene constant region:- 
The base sequence of the constant region of a 
5 human immunoglobulin gene was determined by the Maxara- 
Gilbert method [A. Maxam and W. Gilbert, Methods Enzymol., 
65, 499 (1980) J . 

pTJ5 was digested with Pst I, and labelled with 

32 

[ a - P] ddATP using a 3*-terminal labelling kit (made by 

32 

10 Amersham Co.). The P-labelled DNA fragment was digested 
witn Sraal, and the desired DNA fragment was separated and 

recovered by polyacrylamide gel elecrophoresis (gel concen- 

32 

tration 5%). The resulting P-labelled Pst l/Smal DNA 
fragment was subjected to a partial hydrolysis reaction 

15 specific for each of the bases, and separated by electro- 
phoresis on polyacrylamide gel containing 7M urea (gel 
concentration 8% to 23%) . Then, the DNA fragment was 
autoradiographed at -80°C for 2 to 7 days. The cleavage 
pattern was then analyzed to obtain data for the determi- 

20 nation of the DNA sequence of the constant region as shown 
in Fig. 5. 
Example 8 

Construction of a human immunoglobulin gene 
expression plasmid:- 

25 An EcoRI fragment of the human H-chain gene (HIG1) 

obtained in Example 3, with a size of about 21 Kbp, was 
inserted into the Eco RI site of vector pSV-2gpt developed by 
P. Berg [R. C. Mulligan and P. Berg, Proc. Natl. Acad. Sci., 
U.S.A., 78, 2072 ( 1981)] to cbtam a plasmid pSV2-HIGl The 

30 restriction endonucl ease cleavage map of this plasmid is 
shown in Fig. 6. 
Example 9 

Isolation of a mouse chromosomal DNA:- 
Mouse hybricoma NL-1 cells (2 x 10 7 ) obtained from 
35 Dr. R. Ueda of Laboratory of Chemotherapy, Aichi Cancer 
Center Research Institute, Naqoya 464, Japan were treated 
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with protease K in the presence of 1% SDS. Water -saturated 
phenol was then added to extract DNA. The aqueous layer was 
separated by centr if ugat ion and dialyzed against lOmM Tris- 
HC1 buffer (pH 7.4) containing O.lmM NaCl and O.lraM EDTA 
5 ;TNE ouffer). The aqueous solution was treated with ribo- 
nuclease A, and again extracted with water-saturated phenol. 
The aqueous layer was dialyzed against the THE buffer to 
obtain 300 micrograms of mouse chromosomal DNA. 
Example 10 

10 Preparation of a mouse gene library:- 

The mouse chromosomal DNA (150 micrograms) obtained 
in Example 9 was completely digested with restriction endo- 
nuclease EcoRl and subjected to agarose gel electrophoresis. 
A DNA fragment (5 micrograms) corresponding to 7 kb-9 kb was 

15 recovered from the agarose gel by elect roelut ion. 

The resulting DNA fragment (0.4 microgram) and 
Charon 4A vector Eco RI arms (Amersham Co.) were ligated by 
means of T4 DNA ligase, and packaged ir\ vitro using a kit 
of Amersham Co. As a result, a mouse hybridoma NL-1 gene 

20 libraray (8 x 10 6 PFU/mi cr ogr am) was obtained. 
Example 11 

Screening of mouse immunoglobi in n-chain gene:- 
E. Coli strain LE 392 was infected with the Charon 

4A phage obtained in Example 10 containing DNA derived from 
25 mouse hybridoma NL-1 to form a plaque. Clones containing 

mouse antibody H-chain genes were screened by the plaque 

i 2 

hybridization method using a " P-labellea mouse immuno- 
globi in H- chain J gene. 

This procedure led zo the isolation of a gene 
30 including all V regions ia 5' flanking region, VDJ regions 
and an e;. nance: region) o: reuse hybridoma NL-1 having a 
size c: 7 . Q k b . 
Example 12 



Preparation of a restriction endonuclease 
3 5 Cleavage r*. a p : - 

A ^.9 kb : :o:.: : nvr.en: of the ro'ase hybridoma 
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NL-1 H-chain DNA obtained in Example 11 was recloned into 
vector pBR322 and used to transform Col i strain DL-1 
(ATCC 33849). The Ej_ Col i strain was cultivated in large 
quantities to obtain about 1 mg of a plasraid (pBR-NL-l-H) 
5 having the 7.9 kb mouse hybridoma NL-1 H chain DNA fragment 
inserted into the EcoRI site of pBR322. The pBR NL-l-H was 
cleaved with restriction endonucleases, ECo RI t Bam HI , 
Hin dlll f EcoRV and PvuII (Takara Shuzo Co., Ltd.) and Sph I 
(Bethesda Research Laboratory) , and a restriction endo- 
10 nuclease cleavage map was prepared as shown in Fig, 7. As 
a typical example, cleavage with Eco RI is shown below. 
Example 13 

Determination of the DNA sequence of mouse 
immunoglobulin VDJ region:- 

15 The pBR-NL-l-H was cleaved with restriction endo- 

nucleases Sph I and Pvu l I to obtain two DNA fragments given 
by the inserted gene between Sph I and Pvu II sites. The DNA 
fragments were cloned into M13 phase vectors mpl8 and mpl9 
(P. L. Biochemicals Co.) cleaved with Sph I ana Hin di . DNA 

20 sequence determination was performed by the dideoxy chain 

termination method using an M13 sequencing kit (Takara Shuzo 
Co. , Ltd.). Tne sequence of the Sph l/ Pvu l I fragment on the 
5' side was detonrmed both in the downstream direction from 
the Sph I site and m the upstream direction from the Pvu l I 

25 site. The sequence o: the Sph l/ Pvu l I fragment on the 3' 

side was determined in the downstream direction from the 

t-vull site. Tne n NA ^eqi:ence ot the variable region is 

sriown in Fi q . ; . 

Example 14 
^ . 

30 Conr - : i::;;,:; oi w'ni'^oiic immunoglobulin gene 

e x p : e s o A c i pi a srru d pMri - 1 : - 

Tne pl.i^r.id p': ; "-NL-l-H obtained by inserting an 
anti-human cAM, ir'..:;»)jloL-idl in H-cham gene fragment (7.9 
kb) into the r c o:te of placid vector pBR322 was cleaved 
3 5 with rest::;",. . • .;.:.Y,.;io;:^ep KcoKV and Bam HI . An Eco RV - 
r>a:Vr:I : v:' containing the entire r.ojse 
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immunoglobulin H-chain variable region was separatee by 
agarose gel electrophoresis and purified by the method of 
Example 3. 

In the meantime, the plasmid vector pSV2-gpt 
5 mentioned hereinabove was cleaved with restriction endo- 
nucleases Bam HI and H£al, and a linear vector fragment 
having a size of about 5.3 kb and containing the Ecogpt gene 
was separated and purified (this vector gene is abbreviated 
as n f ragment-1 n ) . 

10 The EcoRV-BamHI fragment (about 2.7 kb) of pBR-NL-l-H 
obtained above was ligated with the Bam I - Hpa I fragment 
(about 5.3 kb) of pSV2-gpt mentioned above by using T4-DNA 
liqase. Subsequent cleavage with restriction endonuclease 

cave a linear DNA f racnerr: (about b . 0 : ; : ^^aming 
~ : ^ 2.7 kb of the variable region cf NL.-l-H. T r . ^ DNA 

: : ~ ^T.er, t waL* separatee ana purifiec .s DNA i r.r.^r,: cene 
: a aooreviatea as n f r agment-2 " ) . 

Furthermore, plasmid p5"v-2-H:Gi cc:iu;n::.-; a human 
* — ar.c : : ot>u I i n gene (about 21 kb s w^-r rleaven v;*r 'a~t::n- 
~. L.or, enaonuciease Mlul to give u DNA Liagment (a^o^t 17 r.a', 
containing a numan enhancer ana C ^, wnicn was ^e^iatea ana 
purified. A BamHI linker (a product of Takara Shuzo Co., 
Ltd.) was ligated with the resulting gene fragment (about 
i ' in accordance with th-- ma t ^: 7. - ; a . . 

11 ;:. ttaniatis et al., "Molecular Clonina. O:. . — 

, 1962) to give a Pam H I 5i:c - - :v : ■ ~ ■ ■ " : It : r. : 

The fragment -4 was liaatic.; w:t:-. : ::.:a->n;-: :y 
a : : n : 7 4 - DNA lipase. : . coil : ^ . :. 1 ' \ - * : a . : v : mt a 



:;ie : .,;.ilicr. p:ca«at to oi^am ^ a 
vjiin acne m which the vaiinUio :^::or. c 
::n was 301 no a to the conatant ieu:a-n o: 
, the human enhancer (K.h' :n:. : -a : 



* a a 1 e 



0184187 

- 19 - 

Example 15 

Construction of chimaenc immunoglobulin gene 
expression plasmid pMH-2:- 

Plasraid pSV-2-HIGl containing a human iramuno- 
5 globulin H-cham gene (about 21 kb) was cleaved with re- 
striction endonuclease BamHI by a conventional method to 
give a fragment (about 14 kb) containing a human enhancer 
(Eh) and C^. T ^e resulting fragment was ligated with the 
fragmen';-2 by using T4-DNA ligase. E. col i MC1000 was 

10 transformed with the ligation product to give a chimaenc 
immunoglobulin gene in which the variable region was of the 
mouse origin and the constant region and the enhancer were 
of the human origin (this plasmid is abbreviated as "pMH- 
2"). The flow chart for the preparation of the plasmid 

15 pMH-1 is shown in Fig. 9. 
Example 16 

Construction of chimaenc immunoglobulin gene 
expression plasmid pMH-3:- 

The plasmid p3R-NL-l-H was cleaved with rest: :c- 
20 tion endonucleases Eco RV and EcoRI in the same way as in 
Example 3 to give a fragment (about 4.7 kb) containing the 
entire mouse immunoglobulin H-chain variable regions and the 
mouse enhancer (Em). Tnen, the vector pSV-2-gpt was cleaved 
with restriction endonucleases Eco RI and Hp-a I to give a 
25 fragment (about 4.7 ko) containing Ecogpt gene, which w-s 
separated and purified. The resulting fragment was I : u a t e c 
with the above mouse V :--ne fragment (stout 4.7 kb) by 
T4-DNA ligase, and t:.e ligation product was then cleaves, 
with restriction encases. ease EcoRI tc give a linear DNA 
30 fraasent (about 9.2 kt<: containing the variable region 

(about \.l kb) o: NI - 1 - , which was separated and purifies 
(this DNA fragment ;s us: : cv :ated as " : : agment- 3 H ) . 

Plasmid : •VZ-'-lGl containinc a human immuno- 
globulin H-chair. : ... a. cut 21 Kb) cleaved with 



35 restriction er.co 
k b ) c a n t a. : n i n c 



1 ^ — ^ T 
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separated and purified. An EcoRI linker (a product of 
Takara Shuzo Co., Ltd.) was ligated with the resulting 
fragment (about 17 kb) in accordance with the method of 
Maniatis et al. described in "Moclecular Cloning" to give 
5 an Eco RI site to both ends (the resulting fragment is ab- 
breviated as " f ragment-5 " ) . 

The fragment-5 was ligated with the fragment 3 by 
using T4-DNA ligase to give a chimaeric immunoglobulin gene 
having the human and mouse enhancers, a variaole region of 

10 the mouse origin and a constant region of the human origin 
(this plasmid is abbreviated as "pMH-3"). 

The flow chart for the preparation of the plasmid 
pMH-3 is shown in Fig. 9. 
^ w— pie 17 

. : Construction of a chimaeric imm ^ -_: ■ nt al m gene 

expression plasmid pMH-4:- 

The plasmid pBR-NL-l-H was cleaved w.:. h i restric- 
tion endcr.jcl eases Eco RV and Pam H I to give a fragment (abou 
.\t>) tonianma the entire Y- ;ene se^m. -n: \ c mouse, 

11 wiiicn was separated and punfiea. Eco Ri linger va^ iigatea 
with the Eco RV terminus of this fragment to c:\e an Eco RI 
site and form an Eco RI- Bam HI fragment (about 2.7 kb) . 

In the meantime, the vector pSV2-gpt was cleaved 



w:.tn Eco RI and BamHI to give a linear vecto; ; 4.6 

ki) containing an Ecogpt cer.e, wnicn was fv : ^. • ^nn 

. i.itiea. The resulting vectc: fragment v.;. . -: - : w : r h 

a o c- v e r a a R I - B a m i i I I : a ~ n : 

T4-DNA ligase. Tne ligation pr^aact was ;:-.-.ved w : t r. 

iction e:uonuclcasc Far .!! I to a;ve a 1 N ;:a.:~e~.t ..ais 

".j \b) containing the variable region gene ^: Nh-.-h 1 1 r. i 

P N" A fragment is abbreviated as "f i agm.ent-6 . 

The fragment-6 w3 5 1: :atco w ; t h :~ent-4 

.Gained m Example 14 contain;."..: tne ham an. . • o.— : 

-h.: anc -v using T4-ENA liaase. E . o-l . V : 1 J : ^ was 

i — 

transformed with the lication ;:odsot ;o : . v a o: : -/i : - ' 
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origin and a constant region of the human origin joined 
through the human enhancer (Eh) (this plasmid is abbreviated 
as "pMH-4") . 

The flow chart for the preparation of the plasmid 
5 pHH-4 is shown in Fig. 10. 
Example 18 

Construction of chiraaeric immunoglobulin gene 
expression plasmid pMH-5:- 

The plasmid p3R-NL-l-H was cleaved with restnc- 

10 tion endonucleases Bam HI and EcoRI to obtain a fragment 
(about 2 kb) containing a mouse enhancer (Em), which was 
separated and purified. The fragment (about 2 kb) was 
ligated with the fragraent-5 obtained in Example 16 by using 
T4-DNA ligase. The ligation product was cleaved with re- 

15 striction endonuclease Bam HI to give a Bam HI fragment (about 
13 kb) containing the mouse and human enhancers and human 
C^. The Bam HI fragment was liqated with the fragment-6 
obtained in Example 17 by using T4-DNA ligase. F. col i 
MC1000 was transformed with the ligation product to give a 

20 chiraaeric irrununogi obul i n gene containing a variable region 
of the mouse origin and a constant region of the human 
origin joined through the mouse and human enhancers (this 
plasmid is abbreviated as "pMH-S"). 

The flow chart for the construction of the plasmid 

25 pMH-5 is shown in Fig. 10. 
Example 19 

Expression of the cr.ir.aen: : --u nog 1 obu 1 ; n 
genes : - 

Each of the chimaeric i mmuno ; I ol a 1 i n gene expres- 
30 sion plasmids pMH-1 to pMH-5 obtained :n Examples 14 tc 18 
was introduced into E. c ol i MC1000 in accordance with trie 
method described in Example 5. The t r an£: ormants were 
cultured in a medium containing ampiciilm, and the pla^T.:-.; 
was amplified by acamg ohi or amphem ccl . Col i protc- 

35 plasts were obtained by treatment with lysozyme (Sicma Co.-. 
The resulting protoplast:- were lused with 2 x 1 J- " 
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myeloma cells J558L or NS-1 in 50% PEG 4000 for 2 to 7 
minutes. The fusion product was diluted with MEM medium 
(Gibco, Grand Island, New York), and PEG 4000 was removed by 
cent r if ugat ion. The resulting cells were grown for 48 to 72 
5 hours in RPMI 1640 complete medium (Gibco) . The cell sur- 
faces were then stained by fluorescence usinq FITC-label led 
goat anti-human igG (Cappel Laboratories, Inc.), and the 
expression of the cnimaeric immonoglobi in gene was checked. 
Strong expression was observed in the cells into which the 

10 expression plasrnids pMH-1, pMH-2 and pMH-4 were introduced. 
On the other hand, relatively weak expession was observed in 
the cells into which the expression plasmids pMH-3 and pMH-5 
were introduced. 

RNA was extracted from the individual cells, and 

15 20 miCiT^gra-s of the resulitng RNA was subjected to northern 
hybridization (T. Maniatis et al., Molecular Cloning, Cold 
Spring Harbor Lao., 1982) using a Bam HI- Pvu II fragment of 
plasmio pSR-NL-l-H containing mouse V, D, and J genes and a 
Pst I ( - ( 2 ) - Ps t I - s 3 ) fragment of plasmid pSV2-HIGl containing 

20 part of human C %1 gene as probes. Strong hybridization was 
observed with RNAs of the cells in which the expression 
plas-ids pMH-i, s.MH-2 and pKH-4 were introduced, whereas 
hybridization was relatively weak with the RNAs of the cells 
m which the ex:"--::;h plasr.:c5 pV.H-3 and pMH-5 were ih- 



25 troduced. 



- j-,:;ce of L-\;::es5h 
hcca J558L aha NS-1 



The px;:h-;hh: >y.:*:-4 was mtroaacea ; h t o 

1 1 - - * * 1 ^ *— - - * * " - ~ j * * . ■ ■ -j . , , ~ + * 1 ' ~> i o n a *"* >. i 1 1 a n ~ ~ 

30 f e : : ■ ■ : to a :ekh;ve ~e.::ar. cahta.hiha 150 xanthine, 

Ir hi ;;.hoxj;h:,hh ar.a 6 ^ ~i ~y he :: h e h o I : c acid. The 

r.- ; "-: rv-^.-j.-- :w: h;;;hh :.h ha vs. ?v w weeks 
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1.7 kb, a band was observed which corresponded to raRNA cf 
a complete secretor H-cham. 

The t ransf ormants were cultured in the presence of 

35 

S-methionme (Amersham) . The supernatant obtained was 
5 immunopr ecipi tated with anti-human IgG. The precipitate was 
subjected to polyacrylanide gel electrophoresis and fluoro- 
graphed. It was determined that the chiraaeric immuno- 
globulin H-chain protein was present in the form of ^ 2 L 2 in 
the supernatant of the culture. 
0 Southern hybridization was carried out in an 

attempt to detect the chimaeric immunoglobulin gene. This 
led to the determination that the chimaeric antibody gene 
existed in an average copy number of about 0.5 per cell. 
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What is claimed is: 

1. A mouse-human chimaeric immunoglobulin heavy chain 
comprising (a) the amino ac.d sequence of a mouse immuno- 
globulin heavy chain variable region and (b) the amino acid 
sequence of a human immunoglobulin heavy chain constant 
region and reacting specifically with human common acute 
lymphocytic leukemia antigen. 

2. The chimaeric immunoglobulin heavy chain of claim 
1 wherein the amino acid sequence of the variable region is 
derived from a mouse immunoglobulin heavy chain which reacts 
specificaly with human common acute lymphocytic leukemia 
antigen. 

3. The chimaeric immunoglobulin heavy chain of claim 
1 wherein the amino acid sequence of the constant region is 
derived from the heavy chain of a human immunoglobulin G. 

4 # The chimaeric immunoglobulin heavy chain of claim 

3 wherein the human immunoglobulin G is human immunoglobulin 

5. The chimaeric immunoglobulin heavy chain of claim 

1 wherein the variable region contains a V-segraent having 
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Leu: leucine 
lie: isoleucine 
Ser: serine 
Asp: aspartic acid 
Lys: lysine 
Arg: arginine 
His: histidine 
Phe : phenylalanine 
Tyr: tyrosine 
Thr: threonine 
Cys: cysteine 
Met: methionine 
Glu: glutamic acid 
Trp: tryptophan 
Pro: proline 
Asn: asparagine 
Gin: glutamine. 

6. The chimaeric immunoglobulin heavy cvhain of claim 

5 wherein the variable region has the following amino acid 
sequence 
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wherein the abbreviations for the amino acids are as shown 
in claim 5. 

7. The chimaeric immunoglobulin heavy chain of claim 1 

wherein the constant region has the following amino acid 

sequence 
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Al a 


be r 


l n r 


Lys 


Giy 




Pro 


be 


C r 

be r 


Ly s 


Cor 

be r 




Leu 


Gly 


uy s 


Leu 


v a i 




val 


Tn r 


v ai 


*" o r 

o e r 


Trp 




Gly 


val 


HIS 


Tn r 


r> U ^. 

pne 
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Leu 




Cor 

be r 


Lieu 




be r 


Cor* 

be r 


Cor 

be r 


Leu 


flu 
biy 




Val 


Asn 


HIS 


Lys 


Pro 




Lys 


Val 


Gl u 


Pro 


Ly s 




Cys 


Pro 


Pro 


Cys 


Pro 




Pro 


Se r 


v a i 


D K o 

r ne 


Leu 




Thr 


Leu 


MET 


lie 


be r 




Val 


Val 


Val 


Asp 


val 




Lys 


Pne 


Asn 


Trp 


Tyr 




Asn 


Al a 


Lys 


i n r 


Lys 




be r 


i n r 


Ty r 


Arg 


vol 




His 


Gin 


Asp 


Trp 


Leu 




Lys 


Va 1 


be r 


Asn 


Lys 




Lys 


Tn r 


lie 


be r 


Lys 




Pro 


Gin 


Val 


Ty r 


Thr 




MET 


Thr 


Lys 


Asn 


Gin 




Lys 


Gly 


n W 

Pne 


Ty r 


Pro 




Gl U 


be r 


Asn 


b X v 


bin 




Thr 


Pro 


Pro 


v a i 


Leu 




Leu 


Ty r 


Ser 


Lys 


Leu 




Gin 


Gin 


Gly 


Asn 


T 1 - 1 

* d j. 


wherein 


the abb r e v i a t 


ions 


for 


in claim 


5. 










o 

O . 


The 


chimaer 


i c i r 


~ rr. u n 


wnicn 


has the following 


ami 




Asp 


Val 


Gin 


Leu 


vai 




Gin 


Pro 


Gly 


Gly 


Se : 




Ser 


Gly 


Phe 


Th : 


Pne 




Val 


Arg 


Gin 


Ala 


? I c 




Ala 


Ty r 


1 i e 


Se : 


G 1 y 




Ala 


A3 V 
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Pro 


Ser 


Val 


Phe 


Pro 


Leu 


Ala 


Thr 


Ser 


Gly 


Gly 


Thr 


Ala 


Ala 


Lys 


Asp 


Tyr 


Phe 


Pro 


Glu 


Pro 


Asn 


Ser 


Gly 


Ala 


Leu 


Thr 


Ser 


Pro 


Ala 


Val 


Leu 


Gin 


Ser 


Ser 


Ser 


Ser 


Val 


Val 


Thr 


Val 


Pro 


Thr 


Gin 


Thr 


Tyr 


He 


Gys 


Asn 


Ser 


Asn 


Thr 


Lys 


Val 


Asp 


Lys 


Ser 


Cys 


Asp 


Lys 


Thr 


His 


Thr 


Ala 


Pro 


Glu 


Leu 


Leu 


Gly 


Gly 


Phe 


Pro 


Pro 


Lys 


Pro 


Lys 


Asp 


Arg 


Thr 


Pro 


Glu 


Val 


Thr 


Cys 


Ser 


His 


Glu 


Asp 


Pro 


Glu 


Val 


Val 


Asp 


Glv 


Val 


Glu 


Val 


His 


Pro 


Arq 


Glu 


Glu 


Gin 


Tyr 


Asn 


Val 


Ser 


Val 


Leu 


Thr 


Val 


Leu 


Asn 


Gly 


Lys 


Glu 


Tyr 


Lys 


Cys 


Ala 


Leu 


Pro 


Ala 


Pro 


lie 


Glu 


Ala 


Lys 


Glv 


Gin 


Pro 


Arq 


Glu 


Leu 


Pro 


Pro 


Ser 


Arc 


Glu 


Glu 


Val 


Ser 


Leu 


Thr 


Cys 


Leu 


Val 


Ser 


Asp 


He 


Ala 


Val 


Glu 


Trp 


Pro 


Glu 


Asn 


Asn 


Tyr 


Lys 


Thr 


Asp 


Ser 


Asp 


Gly 


Ser 


Pne 


Phe 


Thr 


Val 


Asp 


Lys 


Ser 


Arg 


Trp 


Pne 


Ser 


Cys 


Ser 


Val 




His 


the 


amino acids 


are 


a s snc w n 



oglcbulm heavy ciiain or j-a 

no acid sequence 
Glu Ser Gly Gly Gly Le*j Val 
Arq Lys Leu Ser Cys Ala Ala 
Ser Ser Phe Gly Met His Trp 
Giu Lys Gly Leu Glu Trp Vai 
Gly Ser Tyr Thr lie Ty: Tyr 





As n 


rio 


ofcl 


Leu 


Ar g 


Ala 

Al a 


be r 


be r 


ir P 


uiy 




ryr 


Giy 


Asn 


Gly 


rp L. _ 

Tn r 


Tn r 


Gly 


Pro 


Ser 


ser 


Tnr 


ser 


Val 


Lys 


Asp 


Tr p 


Asn 


ser 


Phe 


Pro 


Ala 


Leu 


ser 


Se r 


o l y 


Tnr 


Gin 


Pro 


Ser 


Asn 


Lys 


Ser 


Cys 


Pro 


Ala 

ai a 


Pr f 


Leu 


Phe 


Pro 


Se r 


Ar g 


i p r 


Val 


Ser 


H a s 


Ty r 


vai 


As p 


Lys 


Pro 


Ar g 


Val 


Val 


Ser 


Leu 


Asn 


Gly 


Lys 


Ala 

ai a 


Leu 


Lys 


Al a 


Lys 


Th r 


Leu 


Pro 


Gin 


val 


Ser 


Pro 


Se r 


Asp 


Gin 


Pro 


Glu 


Leu 


Asp 


Se: 


Leu 


Thr 


Val 


Val 


Phe 


Ser 


Asn 


His 




Gly 


Lys 





wherein the abbreviat; 
in c 1 a i r, 5. 



0184187 

- 27 - 



Lys 


Asn 


1 n r 


Leu 


Pne 


Leu 


Gin 


net 


Tn r 


ser 


GlJ 


Asp 


Tn r 


Al a 


Met 


Ty r 


Tyr 


Cys 


17 r 


oiy 


Asn 




Trp 


Tyr 


rne 


Asp 


v ai 


Gly 


Tn r 


Tnr 


Val 


Tnr 


Val 


Ser 


Ser 


Ser 


rne 


Trp 


Tyr 


Pne 


Asp 


Val 


Trp 


Gly 


Al a 


Val 


Tnr 


Val 


Ser 


Ser 


Ala 


Ser 


Thr 


Lys 


Val 


Phe 


Pro 


Leu 


Al a 


Pro 


Ser 


Ser 


Lys 


Gly 


Gly 


Thr 


Ala 


Ala 


Leu 


Gly 


Gys 


Leu 


Ty r 


Pne 


Pro 


Gl U 


Pro 


T 7 -> 1 

val 


Tnr 


IT. 1 

val 


Ser 


Gly 


Ala 


Leu 


Tn r 


Ser 


Gly 


val 


His 


m l, v 

Thr 


Val 


Leu 


Gin 


Ser 


Ser 


Gly 


Leu 


Ty r 


Ser 


Val 


M.I 

val 


rp V_ 

Tnr 


Val 


Pro 


Ser 


Ser 


Se r 


Leu 


Tn r 


Ty r 


lie 


Gy s 


Asn 


Val 


Asn 


His 


Lys 


Tn r 


Lys 


Val 


Asp 


Lys 


Lys 


IT - I 

Val 


Glu 


Pro 




Lys 


Thr 


His 


Thr 


Cys 


Pro 


Pro 


Cys 


Gl u 


Leu 


Leu 


Gly 


Gly 


Pro 


Se r 


Val 


Phe 


Pro 


Lys 


Pro 


Lys 


Asp 


Th r 


Leu 


MET 


He 


l ro 


Glu 


Val 


Th r 


Cys 


Val 


Val 


Val 


Asp 


Glu 


Asp 


Pro 


Glu 


Val 


Lys 


Phe 


Asn 


Trp 


Gly 


Val 


Glu 


Val 


His 


Asn 


Ala 


Lys 


Thr 


Glu 


Glu 


Gin 


Ty r 


Asn 


Ser 


Thr 




Ar g 


Val 


Leu 


fnL _ 

Thr 


Val 


Leu 


His 


Gin 


Asp 


Trp 


Lys 


Glu 


Ty r 


Lys 


Cys 


Lys 


Val 


Ser 


Asn 


Pro 


Ala 


Pro 


He 


Glu 


Lys 


Th r 


lie 


Ser 


Gly 


Gin 


Pro 


A r g 


G 1 u 


Pro 


Gin 


Val 


rp . . 

i y r 


Pro 


Ser 


Ar g 


Glu 


Glu 


MET 


Th r 


Lys 


Asn 


Leu 


Thr 


Cys 


Leu 


v a 1 


Lys 


Gly 


^ n e 


Ty r 


He 


Ala 


Val 


Gl u 


Trp 


Glu 


Ser 


Asn 


Gly 


A s n 


Asn 




Lys 


Thi 


Thr 


Pro 


Fi 0 


Val 


Asp 


Gly 


Ser 


Phe 


Phe 


Leu 


Ty r 


Se: 


Lys 


Asp 


Lys 


Ser 


A 1 g 


Trp 


Gin 


Gin 


Gly 


A s n 


Cys 


Set 


Val 


MET 


H 1 s 


Glu 


Ala 


Leu 


11 : s 






Lys 


Ser 


L e u 


Ser 


Leu 


Ser 


P : 0 






t ;.e 




1 0 a c 


1 as 


a 1 e 
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9 . A chimaeric DNA fragment which encodes the aaino 
acid sequence of the mouse-human chimaeric immunoglobulin 
heavy chain of claim 1. 

10. The chimaeric DNA fragment of claim 9 which con- 
tains a variable region V-segment DNA sequence represented 

by the following 

GAT GTG CAG CTG GTG GAG TCT GGG GGA GGC TTA GTG 
CAG CCT GGA GGG TCC CGG AAA CTC TCC TGT GCA GCC 
TCT GGA TTC ACT TTC AGT AGC TTT GGA ATG CAC TGG 
GTT CGT CAG GCT CCA GAG AAG GGG CTG GAG TGG GTC 
GCA TAT ATT AGT GGT GGC AGT TAT ACC ATC TAC TAT 
GCA GAC ACA GTG AAG GGC CGA TTC ACC ATC TCC AGA 
GAC AAT CCC AAG AAC ACC CTG TTC CTA CAA ATG ACC 
AGT CTA AGG TCT GAG GAC ACG GCC ATG TAT TAC TGT 
GCA AGT TCC TAT GGT AAC TTC TGG TAC TTC GAT GTC 
TGG GGC GCA GGG ACC AC GTC ACC GTC TCC TCA 
wherein A represents deoxyadenosine-5 ' -phosphate, 
C represents deoxycytidine-5 ' - phosphate, G repre- 
sents deoxyquinosine-V-phosphate, and T repre- 
sents deoxythyir,idine-5 ' -phosphate, 
and a DNA sequence complementary thereto. 

1K Th e DNA sequence of the chimaeric DNA f-a^ment of 

claim 10 which contains a variable region DNA sequence 
represented by the following 

GAT GTG CAG CTG GTG GAG TCT GGG GGA GGC TTA GTG 
CAG CCT GGA GGG TCC CGG AAA CTC TCC TGT GCA GCC 
TCT GGA TTC ACT TTC AGT AGC TTT GGA ATG CAC TGG 

GTT CGT CAG GCT CCA GAG AAG Gwo v. . ^ ^ ■• - 
GCA TAT ATT AGT GGT GGC AGT TAT ACC ATC TAC TAT 
GCA GAC ACA GTG AAG GGC CGA TTC ACC ATC TCC AG A 
GAC AAT CCC AAG AAC ACC CTG TTC CTA CAA ATG ACC 
AGT CTA AGG TCT GAG GAC ACG GCC ATG TAT TAC TGT 
GCA AGT TCC TAT GGT AAC TTC TGG TAC TTC G AT GTC 
TGG GGC GCA GGG ACC ACG GTC ACC GTC TCC TCA TCC 
TAT GGT AAC TTC TGG TAC TTC G AT GTC TGG GGC GCA 
GGG ACC ACG GTC ACC GTC TCC TCA 
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Wherein A, C, G and T are as defined in clam 10, 
and a DNA sequence complementary thereto. 

12. The chimaeric DNA fragment of claim 9 which con- 

tains a human immunoglobulin heavy chain constant region DNA 
fragment comprising 

(1) a C 1 segment which contains DNA sequence 

H 

represented by the following 

GCC TCC ACC AAG GGC CCA TCG GTC TTC CCC CTG GCA 
CCC TCC TCC AAG AGC ACC TCT GGG GGC ACA GCG GCC 
CTG GGC TGC CTG GTC AAG GAC TAC TTC CCC GAA CCG 
GTG ACG GTG TCG TGG AAC TCA GGC GCC CTG ACC AGC 
GGC GTG CAC ACC TTC CCG GCT GTC CTA CAG TCC TCA 
GGA CTC TAC TCC CTC AGC AGC GTG GTG ACC GTG CCC 
TCC AGC AGC TTG GGC ACC CAG ACC TAC ATC TGC AAC 
GTG AAT CAC AAG CCC AGC AAC ACC AAG GTG GAC AAG 
AAA GTT 

(2) an h segment which contains a DNA sequence 
represented by the following 

GAG CCC AAA TCT TCT GAC AAA ACT CAC ACA TGC CCA 
CCG TGC CCA 

(3) a C 2 segment which contains a DNA sequence 

H 

represented by the following 

GCA CCT GAA CTC CTG GGG GGA CCG TCA GTC TTC CTC 

TTC CCC CCA AAA CCC AAG GAC ACC CTC ATG ATC TCC 
CGG ACC CCT GAG GTC ACA TGC GTG GTG GTG GAC GTG 
AGC CAC GAA GAC CCT GAG GTC AAG TTC AAC TGG TAC 

GTG GAC GGC GTG GAG GTG CAT AAT GCC AAG ACA AAG 
CCG CCG GAG G AG CAG TAC AAC AGC ACG TAC CGG GTG 
GTC AG C GTC CTC ACC GTC CTG CAC CAG GAC TGG CTG 
AAT GGC AAG G AG TAC AAG TCC AAG GTC TCC AAC AAA 
GCC CTC CCA CCC CCC ATC GAG AAA ACC ATC TCC AAA 



GCC 



t\t\i\ 



and (4) a C 3 seonent which contains a DNA sequence re- 
H 

presented by the rol' :w.;^ 

GGG CV, rr; CCA G A A GGA GAG GGG TAG AGG CTG GCC 
T ,\ '" \ " v ' » G 1 G 1 GG A . t\:\'o *\mL rtjV - 
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CTG ACC TGC CTG GTC AAA GGC TTC TAT CCC AGC GAC 
ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG CCG GAG 
AAC AAC TAC AAG ACC ACG CCT CCC GTG CTG GAC TCC 
GAC GGC T<~^ TTC TTC CTC TAT AGC AAG CTC ACC GTG 
GAC AAG AGC AGG TGG CAG CAG GGG AAC GTC TTC TCA 
TGC TCC GTG ATG CAT GAG GCT CTG CAC AAC CAC TAC 
ACG CAG AAG AGC CTC TCC CTG TCC CCG GGT AAA 
wherein A, C, G and T are as defined in claim 10, 

and a DNA sequence complementary to said constant region DNA 

sequences . 

13. The chimaeric DNA fragment of claim 9 comprising a 
DNA fragment encoding the amino acid sequence of the vari- 
able region and a DNA fragment encoding the amino acid 
sequence of the constant region joined to each other through 
a DNA sequence containing at least a human enhancer. 

14. The chimaeric DNA fragment of claim 13 wherein the 
human enhancer contains a DNA sequence represented by the 

f ol lowing 

TTG GCG AGC TGG AAG CAG ATG ATG AAT TAG AGT CAA 
GAT GGC TGC ATG GGG GTC TCC GGC ACC CAC AGC AGG 
TGG CAG GAA GCA GGT CAC CGC GAG AGT CTA TTT TAG 
GAA GCA AAA AAA CAC AAT TGG TAA ATT TAT CAC TTC 
TGG TTG TGA AGA GGT GGT TTT GCC AGG CCC AGA TCT 
GAA AGT GCT CTA CTG AGC AAA ACA ACA CTT GGA CAA 
TTT GCG TTT CTA AAA TAA GGC GAG GCT GAC CGA AAT 
CGA AAG GCT TTT TTT AAC TAT CTG CAA TTT CAT TTC 
CAA TCT TAG CTT ATC .-AT TAG T^ r - 

wherein A , C, G ana T are as defined in claim 10, 
and a DNA sequence complementary thereto. 

15. Recombinant pSV2-;pt ;>lasmid harboring the 
ch imaecic DNA fragment of claim 9. 

16. Mouse myeloma J 5 S S I , K or NS-1 cells into which the 
chimaeric DNA tr^ment or claim. Q has been introduced bv 
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Asp Val Gin 
Gin Pro Gly 
Ser Gly Phe 
Val Arg Gin 
Als Tyr lie 
Ala Asp Thr 
Asp Asn Pro 
Ser Leu Arg 
Ala Ser Ser 
Trp Gly Ala 
Tyr Gly Asn 
Gly Thr Thr 
G 1 v Pro Ser 
Ser Thr Ser 
Val Lys Asp 
Trp Asn Ser 
Phe Pro Ala 
he;, Ser Ser 
'Ply Thr Gin 
Pro Ser Asn 
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Lys 


Gly 


Leu 


Ser 


Tyr 


Thr 


Arg 


Phe 


Thr 


Leu 


Phe 


Leu 


Thr 


Ala 


Met 


Phe 


Trp 
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1 1 e 
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MET 
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FIG. I 
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Vn 1 


T h r 


A s n 
Hi s 




Ph- 









1 

-(2) 

Cys Asp Lys 
Pro Glu Leu 
Pro Pro Lys 
Thr Pro Glu 
His Glu Asp 
Asp Gly Val 
Arg Glu Glu 
Ser Val Leu 
Gly Lys Glu 
Leu Pro Ala 
Lys Gly Gin 
Pro Pro Ser 
Ser Leu Thr 
Asp lie Ala 
Glu Asn Asn 
Ser Asd Glv 
Val Asp Lys 
Ser Cys Ser 
Tyr Thr Gin 
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FIG 4 

5-TTGGCGAGCTGGAAGCAGATGATGAATTAG 

AG TC A AG A TGGCTGCATGGGGGTC TCCGGC 

ACCCACAGCAGGTGGCAGGAAGCAGGTCAC 

CG CG AG AGT CT ATTTT A GG A AG CAA AAA A A 

CACAATTGGTAAATTTATCACTTCTGGTTG 

TGAAGAGGTGGTTTTGCCAGGCCCAGATCT 

GAAAGTGCTCTACTGAGCAAAACAACACTT 

GGACAATTTGCGTTTCTAAAATAAGGCGAG 

GCTGACCGAAATCGAAAGGCTTTTTTTAAC 
TATCTGCAATTTCATT T C CA AT C T TA GCTT 

ATCAACTGCTAGTTGG-3' 



I I, a 0184187 

FIG 5-f/J 

C^l-segmen t ; 

GCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCA 
CCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCC 
CTGGGCTGCCTGGTCAGGGACTACTTCCCCGAACCG 
GTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC 
GGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA 
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCC 
TCCAGCAGCTTGGGCACCCAGACCTACATCTGCAAC 
G T G A A T C A C AA G C C C A G C A A C A C C A A G G TG G A C A A G 
AAAGTT 

h-segmen t; 

G A G C C C A A A T C T T G T G A C A A A A C T C A C A C A T C- C C C A 

CCGTGCCCA 



r j >') I 

FIG 5-(2) 

C H 2-segmen t ; 

GCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTC 
TTCCCCCCAAAACCCAAGGACACCCTCATGATCTCC 
CGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTG 
AGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTAC 
GTGGACGGCGTGGAGGTGCATAATGCCAAGAGAAAG 
CCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTG 
GTCAGCCTCCTCACCCTCCTCCACCAGGACTGGCTC 
A A T G G C A A G G A G T A C A A G T G C A A G G T C T C C A A C A A A 
GCCCTCCCAGCCCCCATCGAGAAA ACCATCTCCAAA 
GCGAAA 

Cj_j3-scgment ; 

GGG C A GGCCC G A G A A C C A C A GGTG T A C A CCCT G CCC 
C C A T C C C G G C A G ■ ■ A " A T G A C C A A G A A C C A GGTCAGC 

C i 0 A L ^ i (.. * l A A A. < < - v , 1 ] l I A I L G ^ A G L G A C 

ATG-'AA A - A :.\ A A- A- : GAAT( A ; Gt A\ A G.CGGAC 
A A A A A C r .A A A A t • A i * AAGGGTCCCGTGGTGGACT G G 

GA'.A-GG : G AT ]\ ; ; . , ; :/TATAGGAAG( ; kAUXa : 7G 
A ' GAGA- :../A< • : - A' : GAGGGGAA CGTG TTCTGA 
■'■■^■:a7 ' ■■■A." '■ ' : r TG'G A 'A ■ ■ \\ G I* A ■ ' 
' ' G * \ ■ " ' ^G FG TGG G GG- A : AAA A 
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FIG. 8 



GATGTGCAGCTGGTGGACTCTGGGGGAGGCTTAGTGCAGCCT 

** V-segment 

GGAGGG TCCCGGAAACTCTCCTGTGCAGCCTCTGGATTCACT 



TTCAGTAGGTTTGGAATGCACTGGGTTCGTCAGGCTCCAGAG 


AAGGGGCTGG 


AGTGG 


GTCGCATATATTAGTGGTGGCAGTTAT 


A CCA TC TACT 


ATGCA 


GACAGAGTGAAGGGCCGATTCACCATC 


TCCAGAGATa 


-TCCC 


A A G A A CA CCCTGTTCCTA CA A ATG A C C 


AGTCTAAGGT 




C A C A C G G C C A TG TA T T A C TG TG C A A G T 


TCCTATCCTA 


C T T C 


TGGTACTTCGATGTCTGGGGCGCAGGG 


ACCACGG i ( ' A 




. " : . '. T G C T A TG G T A A C T T C TG G T A C 


TTCGATG i C ; i 




- - - — • ~+ 
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